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It is a great pleasure to be invited to de-
liver the Seventh Herman Beerman Lecture
and to take part in this 30th Anniversary
Meeting of the Society for Investigative
Dermatology. In fact, it seems very appropri-
ate that, at the present time When immunol-
ogy is moving so rapidly, and When its rele-
vance to your speciality is increasing, you
should pause to spend a little time thinking
about some of the problems in basic immu-
nology and the ways in Which they may go
Wrong.
So intense has been the activity in im-
munology research in the last decade that it is
quite legitimate to speak of the 1960's as the
second golden age of immunology. A brief re-
view of the new frontiers of immunology re-
veals many practical areas of interplay be-
tween immunology and clinical medicine. In
the field of organ transplantation, the spec-
tacular recent success of renal grafting pro-
grams has acted as a tremendous spur to fur-
ther work. The universe of diseases classed as
autoimmune, already quite crowded, continues
to expand, usually in an atmosphere of ani-
mated controversy. More detailed chemical
work on the immunoglobulin classes and sub-
classes is giving us new insights into allergy
and hypersensitivity, though it is perhaps fair
to say that this area is not moving as rapidly
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as it might. The second golden age has seen a
real rebirth of interest in cancer immunology,
and in particular the demonstration that most,
if not all, virus-induced and carcinogen-in-
duced malignancies contain tumor-specific an-
tigens has had particularly important implica-
tions. If the field of infectious diseases,
increasing immunological attention is being
given to unresolved problems such as venereal
disease, malaria and parasitic infestations.
While all of these clinically-oriented areas
provide a continuing justification for inten-
sive immunology research, I think that it is
only fair to say that many immunologists are
even more fascinated by antibody formation
as an unusual model of protein synthesis and
cellular differentiation. We are realizing that
the molecular genetics so beautifully worked
out for bacterial systems over the last decade
has only limited relevance, as yet, to an un-
derstanding of information and control proc-
esses in the vastly more complex living systems
represented by mammals. In that antibody
is a specific and readily detectable protein
synthesized under the control of the in-
vestigator upon receipt by the animal of an
antigenic signal, it presents special advan-
tages as a model system for the study of these
problems.
The Expanding Umbrella
of Autoimmunity
The days arc long since past when the con-
cept of autoimmunity was relevant only to
certain rare "collagen diseases". At The Wal-
ter and Eliza Hall Institute, the Head of the
Clinical Research Unit, Dr. I. R. Mackay (1)
has a deep interest in these disorders. Three
somewhat unexpected recent arrivals have
been of particular interest—pernicious ane-
mia, in which antibodies to gastric parictal
cells and to intrinsic factor appear; thyro-
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toxicosis, where the long-acting thyroid stimu-
lator is clearly an immunoglobulin and pre-
sumably one which stimulates rather than
destroys thyroid cells; and myasthenia gravis,
in which antibodies to striated muscle and to
thymie myoid cells are commonly found.
Goldstein (2) from our Institute has recently
put forward the concept of myasthenia gravis
as being due to an autoimmune thymitis. He
has induced a clinical syndrome resembling
myasthenia gravis in guinea pigs by injec-
tions of thymic tissue incorporated in
Freund's complete adjuvant. His hypothesis is
that an autoimmune process in the thymus
leads to thymitis, with consequent damage to
certain thymie cells. This is believed to
have two effects—on the one hand, antigens
are released from thymic myoid cells which
cause antibody formation recognisable as anti-
body both to myoid cells and to cross-react-
ing antigens present in muscle striations; on
the other hand, the cell damage in the thymus
is believed to result in the release of an as yet
unidentified neuro-humoral factor active at
the nerve-muscle junction. If this hypothesis is
true, it shows in what unusual ways immuno-
logical damage may be mediated.
While solid and confirmed evidence incrim-
inates these three diseases, even more exciting
possibilities are on the horizon, but the evi-
dence for autoantibody formation in them is
as yet fragmentary. Such diseases include
schizophrenia, diabetes mellitus and multiple
sclerosis. Though we have not been working in
the field of dermatology, we have noted with
great interest three skin diseases that may
have an immunological basis. Pemphigus vul-
garis is associated with an antibody to the
intercellular substance separating epidermal
cells. Cutaneous lupus erythematosus is ac-
companied by antigen-antibody-complement
complexes at the dermal-epidermal junction.
Finally, we have noted an abnormally high in-
cidence of vitiligo in patients with autoim-
mune disease, particularly of the thyroid and
stomach. We feel certain that the work of your
Society should continue to veer more and more
towards immunology.
The Bullet and the Target in
Antibody Formation
The chief topic of this review will be the
work of the Walter and Eliza Hall Institute in
analysing the interactions which take place
between the bullet of the immune response, the
injected antigen molecules, and the target,
the antigen-sensitive lymphocyte. Schematically
this is summarized in Figure 1. In our study of
the bullet, we must ask questions about the
chemical nature of antigens, the dose-response
relationships governing the induction of vari-
ous immune phenomena, and the detailed be-
haviour of antigen molecules after injection
into the body, particularly inside the anti-
body-forming organs themselves. Our study of
the target lymphocytes must deal with the
genesis of the population, the classification of
the diverse types of lymphocytes, and the
rules governing orderly proliferation and dif-
ferentiation after antigenic stimulation.
Moreover, in studying the target, we must also
ask by what mechanism a state of tolerance
is induced, in which certain immune responses
are specifically inhibited.
Studies of the Localization of Salmonella
Flagellar Antigens and Their
Distribution in Vivo
As model bullets, we have made extensive
use of a range of antigens derived from Sal-
monella bacteria. These present advantages for
a detailed study of the immune response, for
the following reasons. It is possible to prepare
a soluble, highly pure protein termed flagellin
which, though having a relatively low molec-
ular weight of 38,000, is still highly immuno-
genic. It can cause antibody formation when
one thousandth jig is injected. One can readily
polymerise this material to give a small col-
loidal particle resembling in size and shape
the original intact flagella. This material has
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Fm. 1. A schematic view of the interplay be-
tween antigen and lymphocyte.
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enhanced immunogenicity. Furthermore, one
can take flagellin and break it into smaller
sub-units by agents which cleave disulfide
bonds (3). This flagellin digest is not immuno-
genic when injected without adjuvant, but
has powerful tolerance-inducing properties.
Furthermore, the flagellar antigens can be
readily rendered radinaetive by attaching
the isotope P25. It is therefore possible to
study in considerable detail the distribution of
injected antigen molecules by autoradiography,
which we have performed both at the light
microscopic and the electron microscopic
level.
Surprisingly little of the injected antigen
ever reaches the major sites of antibody pro-
duction. In most eases, the maximum amount
of antigen which is stably trapped by lymph-
oid organs is less than 2 per cent of the in-
jected dose. This already attests to the power-
ful nature of the bullet. For example, less than
one millionth tg of flagellar antigens are ac-
tually present in rat lymph nodes engaged in
maximal antibody production.
The electron mierographie autoradiographs
(3, 4) have shown two radically different types
of antigen-capture in lymph nodes. In the
medulla of the node, typical maerophages en-
gulf the antigen and sequester it into diges-
tive vacuoles. Detailed study has shown that
antigen enters the cells by two distinct proc-
esses, mieropinocytosis and direct penetra-
tion of the plasma membrane. In both eases,
the intracellular antigen rapidly becomes sur-
rounded by tiny electron deuse vesieles which
are probably derived from the Golgi region
and represent little "protolysosomes" or pack-
ets of digestive enzymes. Fusion of inclusions
soon creates a variety of digestive vaeuoles of
ever-increasing size, termed phagolysosomes
(Fig. 2). Thus antigen, within minutes of its
entry into the cell, is sequestered behind a
membrane-bounded lysosome-like inclusion. De-
tectable amounts cannot be found in the
nucleus, nor can evidence be obtained for the
seeding of antigen or antigen breakdown prod-
ucts from the maerophage to surrounding
lymphocytes.
In the cortex of the node, antigen is actively
trapped by structures termed lymphoid folli-
cles. Under this heading we include not only
the well-known gernunal centres, but also the
primary lymphoid follicles which are rounded
collections of lymphocytes and retieular cells.
These structures are most readily apparent in
lymph nodes free from antigenie stimulation,
and they are in fact the primordiae of germi-
nal centres. It is only after antigen deposition
in the primary lymphoid follicle that blast
cells appear and germinal centres are formed.
The pattern of antigen capture in lymphoid
follicles is quite different from that just de-
scribed for medullary macrophages. In fact,
antigen enters the follicle from the cortical
lymph sinus, percolating between the lym-
phocytes, and instead of being phagocytosed, it
maintains an extra-cellular location at all
times. Much of the antigen appears to be re-
tained on the surface of speeialised non-
phagoeytic retieular cells with long branching
dendritie arms. These interdigitate with fol-
licle lymphocytes and create an extensive
meshwork of cytoplasm with a large total sur-
face area. The antigen appears to be caught in
this web. Surprisingly little antigen enters the
surrounding cells. The follicle web appears to
be a mechanism by which antigen is displayed
over a large surface area and can come into
contact with large numbers of lymphocytes
(Fig. 3).
We believe that the follieular antigen can
cause blast cell transformation in follicle lym-
phocytes, thus eventually leading to the forma-
tion of a germinal centre. The exact mecha-
nism by which antigen does this is not
known. Our postulate to explain the finding is
that antigen unites with natural antibody on
the surface of the lymphocyte, and that the
subsequent union has a stimulatory effect on
the cell. Such transformations have been noted
under defined in vitro conditions.
Despite this detailed knowledge of antigen
capture, we still do not know exactly the func-
tion of the resulting germinal centres. The best
hypothesis at the present time is that the
germinal centres function in immunological
memory. They may be factories for long-lived,
recirculating memory cells with a special re-
activity for the same antigen when it is in-
jected again at a later time.
Neither the medullary maerophages nor the
follieular reticular cells are preempted by
antigenic contact. Having captured one anti-
gen, they are still fully competent to deal with
the second. We have seen many examples of
where a maerophage still full of digestive
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Fio. 2. Electron microscopic autoradiograph of portion of a macrophage from the
medulla of a rat popliteal lymph node 24 hours after primary injection of Salmons/b
adelaide flagella labelled with P. Note that the silver grains are predominantly over a
variety of inclusions many of which resemble lysosomes. The inclusions are in the process
of fusing, creating larger structures. Note the well-developed Golgi region on the left.
Several inclusions are surrounded on all sides by tiny vesicles probably derived from the
Golgi zone and representing protolysosomes. This is probably the mechanism whereby
hydrolases are jetted into the antigen-containing vacuoles and digest it.
vacuolcs from a previous antigenie exposure
becomes labelled following a new antigenie
challenge. Similarly, a germinal centre created
by the depesition in a follicle of one antigen is
still perfectly capable of capturing other, unre-
lated antigens. Thus it is clear, if germinal cen-
tres are factories for memory cells, any one ger-
minal centre may well be making a number of
different types of memory cells towards different
antigens at a given time.
Speculations on the Mechanism
of Induction
There is little doubt that the induction of
antibody formation in a primary immune re-
sponse is in some way caused by antigen
captured by the reticulo-endothelial system of
lymphoid organs. In fact, all but the terminal
phase of the explosive wave of cellular differ-
entiation and division which follows antigen
injection is dependent on the continued ac-
tivity of antigen. If, during the latent period
of an immune response, the animal is de-
prived of antigen either by being given a large
dose of passive antibody, or by transplanta-
tion of stimulated lymphoid cells to an anti-
gen-free environment, the process of antibody
formation is largely aborted. Thus, we must
ask which of the two major mechanism of
antigen capture are the more important for the
induction of such responses? Unfortunately,
we cannot answer this important query. We
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FIG. 3. Portion of a cortical lymphoid follicle illustrating the radically different pattern of
antigen capture by the follicle mechanism. Antigen is associated with numerous thin cell
processes, mainly cut in cross-section. These interdigitate in a very complex manner and
the centre of the field is occupied by a portion of a lymphocyte surrounded on all sides by
membrane-attached antigen. Note the polyribosomes of the lymphocyte, which may be
responding to the contact with antigen by blast cell transformation. Note also that neither
the lymphocyte nor the retieular cell processes contain labelled lysosomes or other in-
clusions.
have already mentioned the possibility of cell
surface reactions in lymphoid follicles causing
blast cell transformation, and it is eminently
possible that some transformed cells leave the
follicle, migrate to the medulla of lymph nodes
or the red pulp of spleen, and there develop
into antibody forming plasma cells. However,
direct evidence for such a process is lacking,
and antibody formation can occur in species
which lack a follicle mechanism (5). More-
over, even in adult mammals, antibody forma-
tion can follow the injections of antigens
which lead to only minimal follicular locali-
zation. Thus we must explore the possibility
that immune induction is mediated by medul-
lary macrophages. Tbe two most popular views
for the role of macrophages are the production
of a "super-antigen" within macrophages, pos-
sibly in some form of association with RNA;
or the production in maerophages of an in-
formational RNA which can "infect" lymph-
oid cells and confer on them the ability to
form antibody. Both of these notions are still
highly controversial.
While a morphological study can clearly not
solve a biochemical issue, we believe that our
electron micrographic analysis of antigen cap-
ture by medullary macrophages has raised some
problems which must be faced by proponents of
macrophage theories of immune induction. If
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a super-antigen is to be elaborated in macro-
phages, it must presumably find some way out
of the macrophage lysosomes and into tbe sur-
rounding antigen-sensitive cells. No evidence
of lysosomal breakdown or leakage of labelled
material from lysosomes was observed in our
studies, nor could the passage of antigen from
maerophage to lymphocyte be noted. If an
informational IRNA is made by the cells, it
must either be being made inside lysosomes, a
somewhat unlikely prospect on general bio-
chemical grounds; or it must be made ex-
tremely rapidly before the small amount of
antigen that had penetrated the cell directly
became incorporated into lysosomes. We have
seen nuclear penetration of antigen in macro-
phages on only one occasion, and we cer-
tainly have not noted any special association
between cytoplasmic antigen and macrophage
ribosomes. The electron microscopic studies
thus do not show how or where antigen-RNA
complexes could be formed inside macrophages.
Naturally, none of these arguments are in any
way decisive. A variety of biochemical events in-
volving antigen or antigen fragments could be
occurring but escaping detection in the electron
microscopic system. However, we do feel that the
detailed description of antigen-capturing proc-
esses has thrown these key issues into some-
what sharper focus.
When the Bullet Ricochets—
Immunological Tolerance
There are experimental circumstances un-
der which injected antigen, far from forming
antibody formation, actually causes a reduc-
tion in the expected immune response achieved
following some later administration of antigen.
This state is known as immunological toler-
ance. In the newborn rat, repeated injections
of soluble monomeric flagellin lead to con-
vincing and complete immunological toler-
ance. The polymer and the intact flagella can
cause only partial tolerance (6). When we be-
came aware of the work of Mitchison (7), we
extended the range of antigen dosages investi-
gated in this model system. We were able to
confirm Mitchison's concept of the two zones
of antigen dosage capable of giving toler-
ance. Mitchison, studying the immune re-
sponses of adult mice to varying dosages of
bovine serum albumin (BSA) given as re-
peated injections, noted that large doses
tended to cause tolerance or paralysis; smaller
doses lead to antibody formation; still smaller
and sub-immunogenic doses were capable of
causing significant degrees of partial toler-
ance, to an increasing extent with the passage
of time. In the newborn rat, flagellin system,
we have adopted a basically similar experi-
mental protocol (8). Because of the short half-
life of flagellin in the circulation and extra
cellular fluids, we have had to give daily in-
jections. We have been quite surprised at the
intense tolerogenic potential of flagcllin when
administered in this way. Doses around 102
pg and all higher doses cause convincing and
complete tolerance. Doses 100-fold lower pro-
duced slight immunity, but doses as minute
as 106 jg given daily again caused tolerance,
complete in some animals and partial in oth-
ers. As it took about 10 tg to achieve low zone
tolerance in lvlitchison's system, we can con-
clude that flagellin is about 10 million more
times tolerogenic in the baby rat than is BSA
in the adult mouse. Whether it will be possi-
ble to find highly tolerogenic forms of all
powerful antigens is not clear, but the concept
has great implications, not only for the homo-
transplantation field but also for the concept
of desensitization in allergy treatment. To
what extent are the repeated injections used
in allergy work in fact inducing immunologi-
cal tolerance?
We have found that flagellin causes only par-
tial immunological tolerance in normal adult
rats, even when given repeatedly over long pe-
riods. However, my colleague Shellam (in
preparation) has found that when rats are de-
pleted of lymphocytes by chronic thoracic
duct drainage for five days and then given a
course of injections of flagellin, they de-
velop complete tolerance. So far, this has only
been achieved with dosages of 100 g given re-
peatedly, but investigations into the low dos-
age region arc in progress.
Of great interest are some very recent stud-
ies by my colleague Parish [preliminarily re-
ported by Ada et al. (3)] on a eyanogen
bromide digest of flagellin given repeatedly to
adult rats. While whole fiagellin cannot induce
convincing tolerance in normal adult rats,
this low molecular weight material causes very
profound and complete tolerance, and is not
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immunogenic when given in the absence of
adjuvants. Thus in the flagellar antigen sys-
tem, it appears that materials of decreasing
molecular weight have a decreasing degree of
immunogenicity but an increaseing power to
induce immunological tolerance. Again, the po-
tential practical implications of this finding
must be stressed.
The surprisingly small doses of flagellin
which can cause tolerance in newborn rats
should be stressed. In these situations, the
threshold antigen concentration for tolerance
induction appears to be around 10" M. In
other words, an antigen concentration of
around 1,000 molecules/id is sufficient to in-
duce the effect. Putting this finding another
way, in the lymphoid organs of the rat during
tolerance induction there is only about one
antigen molecule for every thousand lymphoid
cells. Thus the cellular mechanism of tolerance
induction, whatever it may be, must have an
exquisite sensitivity.
Antigen Distribution during
Tolerance Induction
We have attempted to find a common link
between the various models of tolerance in-
duction discussed above (9). Because of the
very small amounts of antigen capable of in-
ducing tolerance, it has not been possible to
study antigen distribution using minimally-
effective antigen doses. Even when picogram
doses of fiagellin are maximally labelled with
I', autoradiographs taken from newborn rats
after injection of such amounts display no
more than background labelling. So, in fact,
we have had to study the distribution of
microgram quantities of antigen throughout
the lymphoid system in the newborn situation.
As far as they have gone, these studies have
suggested that soluble monomeric flagellin is
very widely and diffusely distributed, not
only throughout the lymphoid system of the
newborn but in fact throughout all tissues.
There seems to be little or no selective reten-
tion in the macrophages of the newborn, nor
has any tendency for concentration of antigen
within lymphoid cells been noted. In some
respects, the distribution of labelled fiagellin
after injection into newborn rats resembled
the distribution of labelled BSA in adults.
Essentially, fiagcllin in the newborn goes wher-
ever blood and extra-cellular fluid go; the
same is true of BSA in the adult rat. Thus we
have wondered whether the common link in
the induction of immunological tolerance may
not be inefficient antigen capture. While it
appears that antigen associated with the retic-
ulo-cndothelial system causes antibody forma-
tion, it seems possible that antigen which
eludes the RES and encounters lymphoid cells
without prior processing is potent in toler-
ance induction.
It is noteworthy that as regards the afferent
limb of the homograft immune response, rela-
tively little is known about the fate of histo-
compatibility antigens in either situations of
immunity or of tolerance induction. It would
appear that a more detailed analysis of the
antigenic bullet, with respect to its cellular
distribution and in vivo behaviour, might
give further insights into this problem as well.
The Tor get in Immune Induction—
the Antigen-sensitive Cell
The target for the action of the antigenic
bullet is a lymphoid cell that has been termed
the antigen-sensitive cell (10, 11). It is now
clear that when any population of lymphoid
cells is taken and exposed to a particular an-
tigen, only a very small proportion, of the
order of 1 in 20,000 to 1 in 50,000, will re-
spond. Moreover, when two distinct antigens
arc used, the total number of cells responding
is doubled, and each antigen appears to speak
to a separate population of antigen-sensitive
cells. On antigenic stimulation, each antigen-
sensitive cell embarks on a series of up to S or
9 sequential mitotic divisions, giving rise to a
colony, or clone of progeny, of progressively
more mature antibody-forming cells. For a pe-
riod of a few days at least, such cells remain
reasonably close to each other, and can be recog-
nized as an antibody-forming focus or area de-
veloping after cell transfer into a lethally x-ir-
radiated animal's spleen.
What arc the rules governing the genesis of
such antigen-sensitive cells, and which of the
various classes of lymphocytes present in
lymphoid tissues are in fact antigen-sensitive
cells? It appears that the ultimate precursor of
antigen-sensitive cells resides in the bone mar-
row. Lymphoid cells derived from peripheral
lymphatic tissues cannot reequip the immune
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system of a lethally irradiated animal per-
manently nor can they repopulate a depopu-
lated thymus. The true, self-perpetuating stem
cell of the lymphatic system is in the bone
marrow compartment. From here, cells are
seeded out via the circulation which are
capable of colonizing on a long-term basis
both the thymus and the peripheral lymphatic
tissues such as lymph nodes, spleen and
Peyer's patches. In many but not all antigenie
systems, the bone marrow cells need to come
under a thymie influence before maturing to
antigen-sensitive cells. It is probable that the
thymie influence is exerted via a thymic hu-
moral factor (12), but it is not yet certain
whether this normally acts at a distance or
within the substance of the thymus itself.
Whether the thymie cortical lymphocytes are
intermediate, partially differentiated precur-
sors of antigen-sensitive cells is not known.
Certainly, a proportion of thymic cells do seed
out into the peripheral lymphoid system and
join the recirculating lymphocyte pool. How-
ever, their role in immune responses has not
yet been clearly worked out. Certainly the
thymie cortical cells themselves do not be-
have as antigen-sensitive cells on transplanta-
tion into an irradiated host. It is to the pe-
ripheral lymphoid compartment, the lymph
nodes, spleen and the circulating lymph that
links them into a dynamic whole, that we
must look for executive immunological ac-
tion on antigenie command.
We have studied in some detail the ques-
tion of which of the various classes of lym-
phocytes present in the spleen and circulating
lymph are in fact the antigen-sensitive cells
(13). The answer has turned out to be unex-
pectedly complex. When glass bead columns
are used to separate lymphocytes on the basis
of size, it is possible to prepare a fraction of
almost pure small lymphocytes. This fraction
is totally lacking in large lymphocytes and
severely depleted of medium lymphocytes as
well. Interestingly, this fraction is equally as
potent as the starting population of whole-
unfraetionated lymphocytes in mediating
graft-versus-host reactions, and in reaponding
to a first challenge with the antigen, sheep
erythroeytes. Yet, this fraction is depleted by
a factor of about 20 of cells capable of reacting
to a first challenge of Salmonella fiagellar an-
tigen. Thus, while apparently the virgin an-
tigen-sensitive cell in two systems is a small
lymphocyte, in a third system it appears to be
a medium or large lymphocyte. Furthermore,
when antigen-reactive cells are fractionated
on the basis of their buoyant density, a com-
plex pattern emerges in which it is seen that
there are several distinct separable classes of
lymphocytes capable of acting as antigen-
sensitive cells.
Interestingly, when animals are pre-immu-
nized with Salmonella polymerized fiagellin,
and a fraction of small lymphocytes is pre-
pared from the thoraeie duet lymph of such
animals, the small lymphocytes can now re-
spond vigorously to a second challenge, but
still react only one-tenth as well as the un-
fractionated thoracie duet lymphocytes. Thus
a small proportion (about one-tenth) of the
"memory" cells appear to be small lympho-
cytes while most of the virgin antigen-semi-
tive cells appear to belong to the large or
medium lymphocyte class.
Over the last few years, immunologists
have had to come to terms with a new and
very complex system of classification of im-
munoglobulin classes and sub-classes, based on
the molecular chemistry of antibody molecules.
It is becoming apparent that lymphocyte
cells, also, are by no means a uniform popula-
tion and that their functional classification
will also be a complex matter. Perhaps we will
have to face an order of complexity in the uni-
verse of antigen-sensitive cells as great in de-
gree as the complexity in the antibody mole-
cules which their progeny produce.
One very positive result has emerged from
our studies on the nature of the antigen-sen-
sitive cell. While the inferential evidence has
been quite substantial that a lymphocyte, on
antigenic stimulation, can turn itself into a
blast cell which then gives rise to progeny an-
tibody-forming cells, direct proof of such a
transformation has until recently been lacking.
Most available data could have been ex-
plained on the postulate that the transferred
lymphocyte donated some factor (e.g. an in-
formation macromolecule) to some unspecified
cell in an irradiated host animal. During the
course of our experiments, we developed a
new technique for the detection of marker
chromosomes in single antibody-forming cells.
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Thus, we have been able to induce an adap-
tive immune response in an animal following
the injection of a chramosamally-labelled donor
lymphocyte. Moreover, through the use of
mouse thoracic duet lymph, it has been pos-
sible to eliminate monoeytic cells from consid-
eration. By micromanipulation, antibody-
forming cells which arise in the host animal
after antigenic stimulation can be identified,
soaked individually in a mild detergent,
and broken explosively for direct viewing of
the chromosome under oll-emersion phase con-
trast microscopy. Of course, it is vital to time
the exercise correctly by killing rats when a
substantial proportion of the antibody-form-
ing cells are still immature, and the propor-
tion of mitotic figures must be increased by
administering colchicine four hours before
killing. With this technique, we have for the
first time obtained direct proof of the trans-
formation of lymphocytes into large plasma-
blast cells forming antibody against Salmo-
nella flagellin. While the technique has proved
of some value in establishing formally some-
thing which had already been very probable,
it may perhaps find its greatest application
in the future. It is clear that interactions
between bone marrow cells and the thymus are
very important in the genesis of proper im-
muna-competence in an animal. With the
use of chromosomal marker techniques, it will
now be possible to dissect more carefully the
exact cellular contribution of the bone mar-
row and the thymus to the population of an-
tibody-forming cells of an animal.
We bad begun this work on the nature of the
target cell in immune induction, the antigen-
sensitive cell, in the hope that it might be pos-
sible to prepare pure and uncontaminated sam-
ples of antigen-sensitive cells for a detailed
attack an the biochemical basis of the induc-
tion phenomenon. This somewhat naive hope
has had to be postponed for two predominant
reasons. Firstly, it has become clear that the
proportion of cells responsive to any given
antigen is amazingly small; secondly, the bio-
physical properties of antigen-sensitive cells
have turned out to be surprisingly complex.
We have learnt that the statement: "the cell
which responds to antigens is a small lympho-
cyte" is not only a gross over-simplification,
but may, in certain experimental circum-
stances, be even factually incorrect. We hope
that further improvement in methodology may
eventually lead to a meaningful classification
and description of antigen-sensitive cells and
their properties.
5UMMARY
I have attempted to outline the main reasons
why the 1960's can legitimately be termed the
sedond golden age of immunology and have
referred briefly to several immunological
problems with clinical overtones and even
dermatological overtones.
I have put forward the idea that the key to
understanding, and therefore to the control, of
immunological processes is a twofold one. On
the one hand, we must know all that we can
about the bullet in the immune response, the
antigen molecules which set things going. On
the other hand, we must have a deep knowl-
edge of the genesis and nature of the target cell
in immune responses, the antigen-sensitive
cell, and a working appreciation of the pat-
tern of differentiation events which occur
when it is stimulated to divide and engage in
antibody formation.
In situations of immunity induction, the
antigenic bullet becomes associated with the
reticulo-endothelial system of lymphatic tis-
sues. Here it is handled in two entirely dif-
ferent ways. Macrophage cells, predominantly
in the medulla of lymph nodes, ingest the anti-
gen and it is rapidly subjected to the action
of lysosomal enzymes. We have obtained no
evidence that antigen fragments or antigen-
IRNA complexes leave the macrophage and en-
ter surrounding lymphocytes, but certainly
this process has not been excluded. In the
cortical lymphoid follicles, antigen is also
trapped for long periods, but by an entirely
different mechanism. Here the antigen is re-
tained on the surface of long branching proc-
esses of non-phagocytic reticular cells where it
makes free contact with surrounding lympho-
cytes. The view is put forward that this sur-
face association of antigen and lymphoid cell
may lead to blast cell transformation and
eventually to germinal centre formation. The
question of which of these two processes is
more important in the induction of primary
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immune responses is left open, but the view is
put forward that the germinal oentre mecha-
nism exists primarily as a factory for memory
cells.
In situations of tolerance induction, it is
noted that quite minute amounts of certain
antigens suffice to induce the phenomenon.
Moreover, there is no evidence of specific an-
tigen trapping by either macrophages or re-
ticular cells in animals during the process of
tolerance induction. It is speculatively pro-
posed that RES-assoeiated antigen leads to the
events of immunity, and a contact between
free, native antigen and lymphoid cell may
lead to tolerance. In any event, the exquisite
sensitivity of the tolerance-induction mecha-
nism at the single cell level is stressed.
The target cell in immune responses is a
lymphocyte which can be termed the antigen-
sensitive cell. In some apparently primary im-
mune responses, and probably in all secondary
responses, long-lived, recirculating small lym-
phocytes can behave as antigen-sensitive
cells. However, in the important example of a
primary immune response seen in the Sal-
monella fiagellar system, small lymphocyte
populations do not behave as antigen-sensi-
tive cells, and it seems likely that the antigen-
sensitive cell is a medium or large lympho-
cyte.
On the basis of a new technique capable of
detecting marker chromosomes in single anti-
body-forming blast cells, it has been defini-
tively established that non-antibody-forming
lymphocytes can directly give rise to a divid-
ing line of antibody-forming progeny after
appropriate antigenic stimulation.
It thus appears that the properties of anti-
gen-sensitive cells are more complex than orig-
inally believed and several distinct cate-
gories may well exist. Further analysis of
lymphocyte populations by a variety of bio-
physical separation techniques may well lead
to an eventual meaningful and satisfactory
classification of these target cells in the im-
mune response.
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